striker into a code which references the ASTM specification presents a dilemma.
Towers [3] tested verification specimens from the Army Mechanics and Materials
Research Center (AMMRC) and nine other materials (e.g., aluminum alloys, aluminum-bronze, stainless steels, carbon steel, 5% Ni and 9% Ni steels) with the two different strikers. For the verification specimens, which ranged in nominal absorbed energies up to 107 J, the two strikers gave equivalent energies. For the nine other materials, he observed equivalent results up to about 60 J, as shown in Fig. 2 . Above that energy, however, although the 8-mm striker showed generally higher energies, the energies at which the differences were observed and the magnitudes of the differences were material dependent. Naniwa 141 tested carbon and low-alloy steels and, as shown in Fig. 3(a) , observed general equivalence up to about 200 J; above that level, the &mm striker gave higher energies with the differences increasing with increasing energy. Naniwa stated no differences were observed in lateral expansion, percent shear, or transition temperature. The data from Ref. 4 , however, shown in Fig. 3(b) , appear to show a general deviation from equivalence with the 2-mm striker showing a tendency for greater expansion. Revise [5] tested "metallic samples" at a few different energy levels and observed equivalence up to about 100 J; at the level of 160 J for the 2-rnm striker, however, the 8-mm striker gave about 165 J. The Heavy-Section Steel Irradiation (HSSI) Program at Oak Ridge National Laboratory (ORhZ) is involved in two cooperative projects that include international participants. For both projects, CVN impact tests were performed with both the 2-mm and 8-mm strikers; one objective of both projects was to compare the results from the two strikers with different materials and, where practicable, with enough tests for statistical evaluations. Table 2 provides the room temperature tensile properties of the five steels tested, respectively. The number of replicate tests were quite variable and were dependent on the specific program of testing. In some of the cases, the number of tests were relatively high, (e.g., 23 and 46) which provides for reasonable credibility from a statistical basis.
In most of the cases shown in Table 1 for ORNL, tests were conducted to provide direct comparison of results with the two strikers on the same Charpy machine. Prior to testing of these materials with each striker, verification specimens at the low, high, and super high energy levels from NIST were tested. These specimens are designed to be applicable to the verification of a pendulum impact machine with the &mm striker. The energy levels are specified in English units and are nominally about 1575, and 160 ft-lb (about 16,102, and 217 J), respectively, with the actual values dependent on the particular heat of steel used to produce the supply of specimens. For the verification testing, five specimens from each energy level are tested. For each level, the average energy of the five tests must be within a specified deviation from a specified mean value supplied by NIST for the heat of material used. The general procedure followed in this series of experiments was,
(1) verification with the 8-mm striker, (2) verification with the 2-mm striker, (3) testing of test materials with the 2-mm striker, (4) verification with the &mm striker, and ( 5 ) testing of test materials with the &mm striker. This procedure was designed to provide assurance that the machine stayed in calibration throughout the series of tests and striker changes.
For the testing at ORNL, a 326-J (240-ft-lb) capacity pendulum-type impact machine, Baldwin Model SIIC, was used. Both the 8-mm and 2-mm strikers are instrumented with strain gages to provide a load-time record, but all energy values reported herein were obtained from the dial energy. The machine is equipped with a semiautomated specimen thermal conditioning and transfer system. The transfer system places the specimen in the thermal conditioning system which heats the specimen by contact with graphite electrodes, cools the specimen with cold nitrogen gas, and includes a calibrated contact thermocouple for temperature measurement. The transfer system allows for transfer of the specimen to the anvils for testing in less Verification SDecimens Figure 5 summarizes the results of NIST verification specimen tests for both the &mm and 2-mm strikers in terms of deviation from the NIST supplied nominal mean values for each particular set of specimens tested. The &mm striker met the specified requirements at all three energy levels in all cases. The 2-mm striker met the requirements in all cases for the low and high energy levels but not at the super high level, with the average energies being about 25 J (about 11%) below the nominal mean values. The nominal mean values for verification are supplied for the 8-mm striker only.
Low-Allov Steels
For tests conducted with HSST Plate 13 to directly compare the two strikers, 10 tests with each striker were conducted at -60°C and 150"C, while 20 tests with each were conducted at 0°C. Figure 6(a) shows the average energies, as well as the minimum and maximum values, and two standard deviations for each case. Somewhat surprisingly, tests with the 2-mm striker showed generally higher energies at all three temperatures. The differences, however, are within one standard deviation in each case. The lateral expansion results exhibit a similar comparison, Plate 13 were also conducted in a separate study on different machines, one at ORNL and two in Russia. Figure 7 shows the same trend as obtained with a large number of tests on the ORNL machine (Fig. 6 ); the tests with the 2-mm striker exhibited somewhat higher average energies, although these results also revealed overlap within one standard deviation. Thus, all the results with that material show consistent comparisons.
In two other similar studies to compare results on different machines in the United States (8-mm striker) and Russia (2-mm striker), Figs. 8 and 9 show somewhat mixed results. Although the results in Fig. 9 would appear to indicate that the 2-mrn striker gives much higher results, the data were highly scattered for this Russian Cr-Mo-V forging steel, and the average values did overlap within one
FIG. 4.
Composite photograph of the ORNL Charpy impact system used to conduct the striker comparisons. the two strikers are very comparable at the three lower energy levels. At the -160-J level, the 8-mm striker results are somewhat higher but, again, they are within one standard deviation. The lateral expansion results are similar except the 2-mm striker has a tendency for the higher value at the higher temperature.
DIS(TIISSI0N OF TEST RESULTS
Prior to conducting the testing described above, it was anticipated that, for the steels included in the testing programs, the &mm striker would be obsemed to measure higher energies, especially at temperatures where the specimen bending and plastic deformation were relatively high. Figure 11 , however, shows general equivalence of the absorbed energy results up to almost 2 0 J. There is scatter about the 1:l equivalence, but all the results are within two standard deviations of the equivalence line. For the lateral expansion measurements, a b e a r fit to the overall data shows that tests with the 2-mm striker tend to give about 8% higher values.
The expectation of higher energy measurements with the &mm striker was based not only on previous results (e.g., Ref. 4) and the rationale that higher energy would be measured by a striker with a large radius when the specimen bending is sufficient, but also on observations from load-time record comparisons. Figure 12 shows the original load-time records at two temperatures for A 533 grade B steel (HSST Plate 13) for both the instrumented 2-mm and &mm strikers. For this comparison, the specific specimen records were chosen because the two strikers measured the same absorbed energy in each case. In Figs. 12(a) and (b), the records are comparable, although the 8-mm striker appears to have a somewhat greater increase in load from the point of general yielding to maximum load. Other comparisons have not yet been conducted to ascertain if that is a general observation. At the higher temperature, however, a comparison of Figs. 12(c) and (d) show that the 8-mm striker load-time record includes a region near the end of the test whereby the rate of load decrease is substantially reduced for about 1.5 ms. If the absorbed energy were obtained from the load-time record, that feature would result in a higher energy determination due to the additional area under the curve. This feature is associated with increased loading on the striker from the specimen "wrapping around" the striking edge and/or, if the bending angle is very high, the specimen being forced through the anvils with a resultant side loading. The load-time record for the 2-mm striker does not indicate such a change in the loading of the striker. It is assumed that all interactions between the specimen, striker, and/or anvils would undoubtedly contribute to these observations. Differences in tensile properties, strength, and strain hardening, for example, likely contribute to a material-specific rationale for some of the observed results. This also applies to the lateral expansion observations.
An analysis of all the test results regarding the load-time records, bending analyses, etc., has not yet been performed.
ESTDUATON OF SHEAR F'RACl"RE PERCENTAGE
Determination of the percentage of shear fracture is based on the measurement of the cleavage portion of the fracture surface of broken Charpy V-notch (CVN) specimens and comparison with the full fracture surface by any of four methods given in E-23 [l]. The disadvantage of such a procedure is the dependence of the measured percentage of shear on interpretation of the cleavage portion of the fracture surface which can vary from person to person. For example, the fracture surfaces of CVN specimens representing weld metal of reactor pressure vessels can be particularly difficult to interpret. In-service surveillance programs require the performance of tests remotely. Thus, the remote measurement of the percentage of shear on the fracture surface of irradiated specimens can be even more complicated. As a result, some researchers have attempted to develop a more objective and simple procedure by analyzing the instrumented CVN impact trace [6,71. The main idea of that approach is based on association of the cleavage part of the fracture with the fast load drop observed on the load-the diagram of an instrumented CVN test. Moreover, the European Structural Integrity Society (ESIS) has prepared a draft of a standard method for the instrumented CVN test on metallic materials [SI, which allows one to estimate an approximate value of the proportion of ductile fracture surface by using one of the following formulae:
P, , Piu and Pa are characteristic points on the load-time diagram which This portion of the paper discusses the correlation between visually measured shear fracture percentages and those estimated from the load-time traces of the instrumented 8-mm and 2-mrn design strikers. A typical load-time trace from an instrumented CVN test is presented in Fig. 13 The maximum load P is considered the point at the beginning of crack extension. However, the ductlle portion of the fracture can be formed also during flow of the material (plastic deformation), which begins at the point of general yield. Taking that into account, then, we consider an equation:
as a more reasonable formula for estimation of the percentage of shear fracture from the instrumented CVN specimen test, where OS(P + Pm) can be assumed to be the load at the point of material flow. Comparison opvisually measured and calcuiated percent shear by the proposed Eq. ( 5 ) shows good correlation (see Fig. 18 ). In the range of small percentages of shear calculation, Eq. ( 5 ) can provide negative values which should be assumed equal to zero. Determination of percent shear fracture based on calculation from the instrumented striker provides a more objective value and can be especially worthwhile for testing of irradiated specimens or any specimens where interpretation of the fracture surfaces could be difficult. 
